Chlamydia trachomatis and Neisseria gonorrhoeae are the two most prevalent bacterial sexually transmitted infections (STIs) reported to the Centers for Disease Control and Prevention (CDC) (2) . Together these two infections accounted for over 1.5 million cases of STIs in 2008. The CDC estimates that sexually transmitted diseases (STDs) cost the health care system $1.5 billion annually. Since these infections, especially chlamydia, are most often asymptomatic, the CDC recommends yearly screening for chlamydia in all sexually active women ages 16 to 25 years. Since coinfections are common, many diagnostic test platforms assay for both organisms. Although there are several commercial assays available for performing nucleic acid amplification tests (NAATs), which are now recommended by the CDC as the test of choice, new assays and new platforms are needed by both private and public health programs.
The Abbott RealTime CT/NG assay is a new real-time PCR assay for the direct, qualitative detection of the plasmid DNA of Chlamydia trachomatis and the genomic DNA of Neisseria gonorrhoeae in female endocervical or vaginal swab specimens, in male urethral swab specimens, and in male and female urine specimens from symptomatic and asymptomatic individuals.
There were several sets of objectives of this study: (i) to determine the performance characteristics of the Abbott RealTime CT/NG assay compared to those of other amplified assays using specimens obtained from symptomatic and asymptomatic male and female subjects from clinical sites with high or low prevalence of Chlamydia trachomatis and/or Neisseria gonorrhoeae; (ii) to demonstrate the precision of the Abbott RealTime CT/NG assay using a precision panel consisting of combinations of high and low concentrations of Chlamydia trachomatis and Neisseria gonorrhoeae specimens; (iii) to evaluate the clinical sensitivity, clinical specificity, positive predictive value (PPV), and negative predictive value (NPV) of the Abbott RealTime CT/NG assay in symptomatic and asymptomatic individuals from high-and low-prevalence sites; (iv) to compare the performance of the new Abbott assay with that of the Gen-Probe Aptima Combo 2 assay for female endocervical and vaginal swabs, male urethral swabs, and male and female urine specimens; (v) to compare the performance of the Abbott assay with those of the Becton Dickinson ProbeTec ET Chlamydia trachomatis and Neisseria gonorrhoeae amplified DNA assays (ProbeTec ET) for female endocervical swabs and male and female urine specimens; and (vi) to evaluate the procedure for self-collection of a vaginal swab specimen using the Abbott multi-Collect specimen collection kit.
MATERIALS AND METHODS
Overview. This study was designed as a multicenter evaluation of the Abbott multi-Collect specimen collection kit, the performance (i.e., precision, clinical sensitivity, clinical specificity, PPV, and NPV) of the Abbott RealTime CT/NG assay, and its comparison to two FDA-cleared nucleic acid amplification tests (NAATs) for Chlamydia trachomatis and Neisseria gonorrhoeae. The NAAT comparator methods used were the Gen-Probe Aptima Combo 2 assay (3, 5) and the Becton Dickinson ProbeTec ET (9, 17) . Testing was performed by ICON Laboratories according to the comparator assay package inserts. The gonococcal culture (GC) methods used modified Thayer Martin medium for isolation, and identification was confirmed by the bioMerieux API NH assay and the EY Laboratories Gonocheck II system; the Pharmacia Diagnostics Phadebact Monoclonal GC test was used for confirmation. Results from the NAATs and GC cultures were used to construct a patient infected status (PIS) algorithm (10) .
Patient population: subjects and clinical specimens. Subjects meeting the following criteria were eligible for the study.
(i) Inclusion criteria. An individual was eligible for the study if he or she met all of the following criteria. Prior to the performance of any study-specific procedure, the individual or his/her legal representative signed and dated an institutional review board (IRB)-approved consent form, was 18 years of age or older, had been sexually active within the past 6 months, and met one or more of the following criteria: seeking screening for STI and/or a medical checkup, seeking treatment for STI-related symptoms, had sexual contact with an infected partner, had been previously treated for an STI and/or had a history of STIs, or had a new sexual partner(s), multiple sexual partners, or reported inconsistent condom use.
(ii) Exclusion criteria. An individual was ineligible for the study if he or she met any of the following criteria: reported using or having completed antimicrobial therapy within 21 days of enrollment in the study, being unable or unwilling to provide the appropriate specimens, having voided within 1 h of specimen collection, or having insufficient medical and/or sexual history to document the information required for the study. The study involved a single visit.
Specimen collection. The following specimens were collected from each subject.
(i) Female subjects. A total of 10 specimens were collected from each female subject: one self-collected vaginal swab, one urine sample divided into three aliquots, four endocervical swabs, and two clinician-collected vaginal swabs (Fig.  1) . Female subjects were instructed to self-collect a vaginal swab specimen using an Abbott multi-Collect specimen collection kit. Study staff provided the Abbott self-collected vaginal swab instructions to female subjects prior to self-collection.
Self-collected vaginal swab and urine specimens were collected first from each female subject. Clinicians then obtained a GC swab from the endocervix. The order of the remaining endocervical and clinician-collected vaginal swabs was randomized in order to minimize collection bias.
(ii) Male subjects. A total of six specimens were collected from each male subject: three urethral swabs and one urine sample divided into three aliquots (Fig. 2) . The first urethral swab was used for GC. The order of collection for the other two urethral swabs was randomized in order to minimize collection bias. The male subjects then self-collected a urine specimen.
Abbott RealTime CT/NG assay. The target for C. trachomatis is a cryptic plasmid, and that for N. gonorrhoeae is the Opa gene. The C. trachomatis PCR primers target a 122-bp target within the plasmid. This short sequence is highly conserved in all C. trachomatis serovars but is not found in other species. A new variant strain of C. trachomatis (nvCT) has been characterized and contains a 377-bp deletion in the cryptic plasmid within the region targeted by the first primer set. A second set of PCR primers targets 140 bp located outside this deleted region. The 122-bp target of the N. gonorrhoeae OPA gene is conserved in all GC strains but is not found in non-N. gonorrhoeae strains, such as a respiratory Neisseria sp. The internal-control PCR primers target a 136-bp sequence not found in chlamydiae or neisseriae. During each round of PCR amplification, the fluorescent probes anneal to the amplified target DNA, if present. The probes are labeled with different fluorescent molecules allowing C. trachomatis, N. gonorrhoeae, and the internal control to be distinguished from each other. The probes are single-stranded, linear DNA oligonucleotides modified with a fluorescent moiety covalently linked to one end of the probe and a quenching moiety to the other end. In the absence of target sequences, the probes adopt a conformation that brings the quencher close enough to the excited fluorophore to absorb its energy before it can be fluorescently emitted. When the probe binds to its complementary sequence in the target, the fluorophore and the quencher are held apart, allowing fluorescent emission and detection. Since this fluorescence occurs during every cycle, the PCR can be read in real time.
The Abbott RealTime CT/NG assay was performed on the Abbott m2000 system by the four testing sites in accordance with the Abbott RealTime CT/NG clinical testing protocol, clinical brochure, specimen collection and transport, and self-collected vaginal swab instructions for use with the Abbott multi-Collect specimen collection kit. Turnaround time was approximately 6 h, 20 min.
FIG. 1. Sample collection protocol for female participants. Superscript numbers indicate procedures: 1, gonococcal culture; 2, Gen-Probe Aptima unisex swab specimen collection kit for endocervical swab specimens; 3, Becton Dickinson ProbeTec ET Chlamydia trachomatis/Neisseria gonorrhoeae (CT/GC) amplified DNA assay collection kit for endocervical specimens; 4, Abbott multi-Collect specimen collection kit; 5, Gen-Probe Aptima vaginal swab specimen collection kit for clinician-collected swab specimens; 6, Gen-Probe Aptima urine specimen collection kit for urine specimens; 7, Becton Dickinson ProbeTec ET urine processing kit for urine specimens.
FIG. 2. Sample collection protocol for male participants. Superscript numbers indicate procedures: 1, gonococcal culture; 2, Gen-Probe Aptima unisex swab specimen collection kit for male urethral swab specimens; 4, Abbott multi-Collect specimen collection kit; 6, Gen-Probe Aptima urine specimen collection kit for urine specimens; 7, Becton Dickinson ProbeTec ET urine processing kit for urine specimens.
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Hands-on time was approximately 1 h, 15 min. The specimen collection sites were geographically diverse. They included a primary care physician's office, an obstetrics-gynecology practice, a gynecology practice, a private-practice STD clinic, five public health department STI clinics, a university hospital adult emergency department, a county hospital sexually transmitted disease/infection clinic, a university infectious disease clinic, and four clinics serving the gay, lesbian, bisexual, and transgendered community. Specimens were collected from subjects in accordance with the Abbott RealTime CT/NG specimen collection protocol. The Abbott RealTime CT/NG results were not used for medical management of subjects from whom specimens were collected for this study. Specimen collection, handling, and storage were performed in accordance with the Abbott RealTime CT/NG clinical brochure and comparator method package inserts. After the specimens were collected, aliquoted, labeled, and prepared for shipment, the specimens for NAAT comparator method testing were sent to the central laboratory (ICON Laboratories Inc., Farmingdale, NY) for testing. The NAAT comparator method specimens were tested in the central laboratory. The GC specimens were tested in the ICON central laboratory or local public health laboratories.
Abbott RealTime CT/NG testing was performed at three external clinical testing sites and one internal site (precision testing only) that represented the intended user of the Abbott RealTime CT/NG assay.
The assay was performed in accordance with the Abbott RealTime CT/NG testing protocol and the Abbott RealTime CT/NG clinical brochure. The Abbott assay was performed on the Abbott m2000 system, consisting of the m2000sp instrument for sample preparation and the m2000rt instrument for amplification and detection. Each of the testing sites was provided one Abbott m2000 system. The site technologists were trained to operate the Abbott m2000 system and to perform the Abbott RealTime CT/NG assay prior to initiation of the study. There were no testing protocol deviations. Daily, weekly, monthly, and asneeded maintenance were performed on the Abbott m2000sp and the Abbott m2000rt according to the procedures outlined in the service and maintenance section of the Abbott m2000sp and the Abbott m2000rt operation manuals.
The laboratory surfaces and equipment used for the Abbott RealTime CT/NG assay were monitored on a monthly basis for contamination by screening for amplification product. The monitoring procedure was performed using the procedure outlined in the Abbott clinical brochure.
Precision. Abbott RealTime CT/NG assay precision was evaluated by testing a coded 45-member precision panel that consisted of nine unique members repeated five times within the panel ( Table 1 ). The panel was commercially prepared from dilutions of heat-treated, cultured, whole bacteria as the source of the Chlamydia and Neisseria. The source material for Chlamydia trachomatis was Vero/LGV-II, strain 434. The source material for Neisseria gonorrhoeae was ATCC isolate 27628. The targeted concentrations for C. trachomatis and N. gonorrhoeae for the nine panel members are listed in Table 1 . Both source materials for C. trachomatis and N. gonorrhoeae were diluted in Abbott specimen transport buffer, and aliquots were dispensed into Abbott specimen transport tubes. The design of the precision study was based upon the National Committee for Clinical Laboratory Standards (NCCLS) EP10-A2 guideline (12a). A total of three reagent lots were used. Each of the three sites, two external and one internal site, tested two of the three amplification lots for 5 days for a total of 10 runs per site, 30 runs total.
Neisseria gonorrhoeae culture. Three clinical laboratories conducted N. gonorrhoeae culture testing using MTM II agar: ICON Central Laboratories, BDC Laboratory, and Miami-Dade County Health Department. The Biolog Jembec system was used to transport specimens for GC to ICON Central Laboratories for testing with the bioMerieux API NH assay.
Gen-Probe Aptima Combo 2 assay. The Gen-Probe Aptima Combo 2 results are qualitative and were reported as positive for C. trachomatis rRNA, presumed negative for C. trachomatis rRNA, or indeterminate and as positive for N. gonorrhoeae rRNA, presumed negative for N. gonorrhoeae rRNA, or indeterminate. Repeatedly equivocal results were reported as indeterminate.
Becton Dickenson ProbeTec ET assay. The Becton Dickinson ProbeTec ET Chlamydia trachomatis and Neisseria gonorrhoeae results are qualitative and were reported as positive, negative, or indeterminate. Repeatedly inhibitory specimens were reported as indeterminate.
Data analysis: interpretation of assay results. The Abbott RealTime CT/NG assay is a qualitative assay. Results for N. gonorrhoeae were reported as positive or negative. Results for C. trachomatis were reported as positive, negative, or equivocal. A specimen with an initial interpretation of equivocal for C. trachomatis was retested before a final interpretation was made. One replicate of the negative control, designated by the software as the "control," and two replicates of the cutoff control, designated by the software as the "calibrator," were required with each run. For each assayed analyte (C. trachomatis or N. gonorrhoeae), the software calculated the mean target cycle number (CN) of the cutoff controls and then added a predetermined number of cycles to this average to generate the decision cycle (assay cutoff [assay CO]). If the tested sample generated a cycle number less than or equal to the assay CO, a "positive" interpretation and a numerical result greater than or equal to zero were reported. The numerical result (delta cycle [DC]) corresponds to the difference in cycle number between the CO and the sample CN. A higher number in DC was indicative of a greater amount of analyte present in the assayed sample. No DC calculation was performed for samples with a cycle number greater than the assay CO or for samples with no cycle number determination.
C. trachomatis samples with a cycle number less than or equal to the assay CO were interpreted as "positive." C. trachomatis samples with a cycle number beyond the assay CO were interpreted as "equivocal." C. trachomatis samples with no evidence of amplification were interpreted as "negative." Samples with an initial interpretation of "equivocal" for C. trachomatis were retested. For All data analyses were performed by SAS version 6.12 or higher on a UNIX operating system. All assay results were included in the data analyses if they were considered valid according to the assay procedure and in compliance with the applicable protocol requirements. The primary data analyses for clinical sensitivity and clinical specificity of C. trachomatis and N. gonorrhoeae were calculated on the basis of infection status for symptomatic and asymptomatic subjects, by specimen type, by gender, by site, and for all sites combined.
Patient infected status for Chlamydia trachomatis. The patient infection status was defined as follows.
(i) Infection present. A female subject was defined as infected with C. trachomatis if a minimum of one positive result was reported by each of the reference NAATs (Gen-Probe, Becton Dickinson) (two comparator platforms). A male subject was defined as infected with C. trachomatis if a minimum of two positive results were reported by the reference NAAT. The PIS was different for men in order to spare men from being subjected to four urethral swabs; we did not collect urethral swabs for the BD assay. Therefore, the PIS was adjusted.
(ii) Infection absent. A female subject was defined as not infected with C. trachomatis if at least one of the reference NAATs reported negative results for all sample types. A male subject was defined as not infected with C. trachomatis if two or more reference NAAT results were negative.
Patient infection status for Neisseria gonorrhoeae. A female subject was defined as infected with N. gonorrhoeae if a minimum of one positive result was reported by each of the reference NAATs (Gen-Probe, Becton Dickinson). A male subject was defined as infected with N. gonorrhoeae if a minimum of two positive results were reported by the reference NAAT.
If the N. gonorrhoeae culture result was positive, the subject was defined as infected regardless of NAAT results.
RESULTS
A total of 3,832 male and female, asymptomatic and symptomatic subjects were enrolled at 16 sites by licensed clinicians. Summaries describing the study population and documenting study eligibility are presented in Tables 2 to 4 . A total of 2,014 female subjects were enrolled, of which 1,132 (56.2%) were asymptomatic and 882 (48.8%) were symptomatic. A total of 1,818 male subjects were enrolled, of which 909 (50.0%) were asymptomatic and 909 (50.0%) were symptomatic. Male and 4 ,500 IFU/assay in members 1, 2, and 6 and to 45 IFU/assay in member 4. The concentration for member 3 was targeted approximately to 0.75 IFU/assay and that for member 9 to 0.2 IFU/assay, both below the claimed assay limit of detection. Members 5, 7, and 8 did not contain any C. trachomatis organisms.
b Invalid replicates were excluded from the analysis. c The SD is based on positive replicates only. For member 9, analysis of all replicates with a cycle number (n ϭ 133), including those beyond the assay cutoff, resulted in a total SD of 0.966. The total variability contains within-run, between-run, between-lot, and between-site variability.
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Precision testing.
Overall precision testing of the panel was excellent, indicating that for C. trachomatis, 45 IFU/assay could be detected 100% of the time and 0.75 IFU/assay could be detected 95.3% of the time (Table 5) . Similarly for N. gonorrhoeae, 20 CFU/assay could be detected 100% of the time (Table 6 ). Combinations of high-concentration and low-concentration mixtures of C. trachomatis and N. gonorrhoeae did a N. gonorrhoeae concentrations were targeted approximately to 2,000 CFU/assay in members 1 and 7 and to 20 CFU/assay in members 2, 3, and 5. Member 9 was targeted to 0.1 CFU/assay, below the claimed assay limit of detection. Members 4, 6, and 8 did not contain any N. gonorrhoeae organisms.
b Invalid replicates were excluded from the analysis. c The SD is based on positive replicates only. For member 9, analysis of all replicates with a cycle number (n ϭ 148), including those beyond the assay cutoff, resulted in a total SD of 0.978. The total variability contains within-run, between-run, between-lot, and between-site variability.
not affect the ability of either organism to be detected (Tables  5 and 6 ).
Clinical specimen testing. A total of 8,712 female endocervical and vaginal, male urethral, and male and female urine specimens were evaluated for C. trachomatis using the Abbott RealTime CT/NG assay. A total of 8,743 female endocervical and vaginal, male urethral, and male and female urine specimens were evaluated for N. gonorrhoeae using the Abbott RealTime CT/NG assay. Overall prevalence in females for C. trachomatis was 8.9%, and that for N. gonorrhoeae was 3.8%. Overall prevalence for males for C. trachomatis was 18.2%, and that for N. gonorrhoeae was 16.7%.
C. trachomatis. The sensitivity and specificity of the Abbott RealTime CT/NG assay for C. trachomatis were 92.4% and 99.2% (Table 7) , while the sensitivity and specificity for the Aptima Combo 2 assay for C. trachomatis were 94.5% and 99.0%, and those for the ProbeTec ET assay were 90.3% and 99.5% for C. trachomatis in this study (Table 7) .
N. gonorrhoeae. The sensitivity and specificity of the Abbott RealTime CT/NG assay for N. gonorrhoeae were 96.9% and 99.7%, respectively (Table 8 ). In comparison, the sensitivity and specificity for the Aptima Combo 2 assay for N. gonorrhoeae were 96.1% and 99.5%, and those for the ProbeTec assay were 92.0% and 97.3% for N. gonorrhoeae in this study (Table 8) . Positive and negative predictive values. The hypothetical positive predictive values (PPVs) and negative predictive values (NPVs) were calculated for this assay at prevalence rates ranging from 0.5 to 30% for C. trachomatis and N. gonorrhoeae and are shown in Table 9 .
Self-collected vaginal swab survey results. Upon completing the entire specimen collection process, female subjects were asked to complete a survey evaluating the vaginal swab selfcollection process. This evaluation included the Abbott selfcollected vaginal swab instructions and the ease of use of the Abbott multi-Collect specimen collection kit. Surveys were completed by 99.75% (2,009 of 2,014) of the female subjects. Survey results were not available for five subjects. Not all subjects provided responses to each question. The written instructions were understood by 99.25% (1,994 of 2,009) of respondents, and 96.27% (1,934 of 2,009) found the diagrams helpful. The self-collection process was successfully completed by 98.26% (1,974 of 2,009) of the respondents. The majority of respondents found the transport tube and swab contained within the kit easy to use. The self-collected vaginal swab was most preferred by respondents (30.51%), followed by the urine specimen (26.18%). Respondents least preferred the cliniciancollected vaginal swab (13.89%). No preference in specimen collection was expressed by 29.87% (600 of 2,009) of respondents. Abbott RealTime CT/NG results for the self-collected vaginal swab were considered invalid and excluded from the analyses for respondents who failed to perform the self-collection in accordance with the instructions and who did not request another kit to perform a new collection.
DISCUSSION
In this multicenter trial, a new NAAT platform, the Abbott RealTime CT/NG assay, for the real-time, simultaneous detection of chlamydia and gonorrhea was evaluated. Based on two comparator assays, its clinical sensitivity and specificity were excellent for all specimen types, including a self-administered vaginal swab. Overall sensitivities and specificties of 92.4% and 99.2%, respectively, for C. trachomatis and 96.9% and 99.7%, respectively, for N. gonorrhoeae provided exceptional performance. The assay performed well for both asymptomatic and symptomatic patients. Of note is the superior sensitivity of male urine over male urethral swabs for asymptomatic men, confirming urine as the recommended sample of choice for testing men (1, 4) . The very high sensitivity and specificity of vaginal swabs, whether clinician or self-collected, compared to the lower sensitivity of female urine also supported the vaginal swab as the recommended specimen of choice in screening women for both chlamydia and gonorrhea (1) . The lack of any statistical difference between the sensitivity and specificity between clinician-collected and self-collected vagina swabs also indicated that self-collected vaginal swabs are excellent screening specimens.
Using a patient infected status (PIS), defined by having positive test results from two different commercially available platforms, the GenProbe Aptima Combo 2 and the Becton Dickinson ProbeTec, and/or two different test types in the case of gonorrhea, was useful in demonstrating the overall performance of this real-time PCR assay. The definition of the PIS has been an evolving estimate for a number of years as assay platforms and test types have evolved for molecular testing (10) . This conservative definition of a PIS based on two different comparator platforms has the possible effect of providing slightly higher sensitivity estimates and slightly lower estimates of specificity than if only two tests from any one (or more) assay type are used (10), as has been done for earlier diagnostic trials for chlamydia and gonorrhea (5, 17, 18) .
The somewhat lower sensitivity for female urine samples compared to that of vaginal samples has been noted in other studies of NAATs as well (5) (6) (7) 17) . What was interesting was that there were a number of participants that were positive by only the urine sample for chlamydia. This apparent "urethral dysuria syndrome" has been described in several reports where there are specimens that are positive only from the urine and not from the cervix (8, (11) (12) (13) (14) (15) .
The assay was extremely reproducible in the precision study and could accurately detect organisms from high to very low organism loads as well as in mixtures of high-and low-concentration combinations of C. trachomatis and N. gonorrhoeae. This is particularly important in detecting mixed infections.
The ease of use of the automated sample preparation and extraction process and the rapid work flow are also conducive to efficient laboratory handling, as the hands-on time is approximately 1 h, 15 min, and low compared to those of other NAAT platforms, and the time to results is approximately 6 h (16).
In summary, the Abbott RealTime CT/NG assay performed on the m2000 platform was highly accurate, reproducible, sensitive, and specific. Nucleic acid amplification tests are the most sensitive assays available to date for detecting chlamydia and gonorrhea in clinical specimens, and the RealTime CT/NG assay adds to the group of commercially available assays that are available to laboratories as choices for superior diagnostic performance.
